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(57) ABSTRACT

A method of regulating the speed of rotation of at least one
main rotor of a multi-engined rotorcraft, which rotor is
driven at variable speed. In the event of a failure of one of
the main engines of the rotorcraft, a control unit generates an
NR setpoint that is not less than the nominal drive speed
(NRnom) of the main rotor. Thereafter, a calculator acts
iteratively to determine a target speed (NRobj) for driving
the main rotor to obtain stabilized lift of the rotorcraft by
balancing between the torque developed by the main rotor
and the rate of increase of its drive speed. The autopilot then
causes the pitch of the blades of the main rotor to vary so as
to obtain the iteratively calculated target speed (NRobj) until
stabilized lift of the rotorcraft is obtained.
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1
METHOD OF REGULATING THE SPEED OF
ROTATION OF THE MAIN ROTOR OF A
MULTI-ENGINED ROTORCRAFT IN THE
EVENT OF ONE OF THE ENGINES FAILING

CROSS REFERENCE TO RELATED
APPLICATION

This application claims priority to French patent applica-
tion No. FR 14 01500 filed on Jul. 3, 2014, the disclosure of
which is incorporated in its entirety by reference herein.

BACKGROUND OF THE INVENTION

(1) Field of the Invention

The present invention relates to the field of methods of
regulating the operation of the engines in a power plant of
a multi-engined rotorcraft. Said power plant comprises in
particular main fuel-burning engines, in particular turboshaft
engines, that conventionally supply the rotorcraft with the
mechanical power needed at least for driving one or more
rotors of the rotorcraft.

The present invention lies more particularly in the context
of a failure of one of said main engines of the rotorcraft
serving to drive at least one main rotor of the rotorcraft at a
setpoint speed that is variable, and possibly also serving to
drive an anti-torque rotor.

(2) Description of Related Art

Typically, the main rotor provides the rotorcraft at least
with lift and possibly also with propulsion and/or its ability
to change flight attitude in the specific example of a heli-
copter. Typically, the anti-torque rotor serves to stabilize the
rotorcraft and to guide it in yaw, and it is commonly formed
by a tail rotor, or else by at least one propulsive propeller for
a rotorcraft having high forward speeds.

Conventionally, the operation of the main engines of a
rotorcraft is placed under the control of a full authority
digital engine control (FADEC) regulator unit. The regulator
unit controls the supply of fuel to the main engines as a
function of a setpoint, referred to below as the NR setpoint,
relating to a speed of rotation required for the main rotor.
The NR setpoint is generated and is transmitted to the
regulator unit by a control unit, such as an automatic flight
control system (AFCS).

The NR setpoint is commonly generated by the control
unit as a function of the mechanical power needs of the
rotorcraft, which needs are identified depending on the
current flight situation of the rotorcraft, and in particular as
a function of mechanical power needs for driving the main
rotor. The power consumed by the main rotor may be
identified, by way of example, on the basis of evaluating the
resisting torque that the main rotor opposes to being driven
by the power plant.

It is known to perform calculations for the purpose of
anticipating the mechanical power that the power plant is
going to need to deliver in order to satisfy the needs of the
rotorcraft, so as to ensure that the main rotor is quickly
driven at a speed of rotation that matches the NR setpoint.
The calculation of the mechanical power needed by the
rotorcraft in anticipation may be based on flight control
signals issued by a pilot of the rotorcraft, which pilot may
equally well be a human pilot or an autopilot.

The flight control signals used to calculate the mechanical
power needed by the rotorcraft in anticipation comprise in
particular control signals for varying the pitch of the blades
of the main rotor, at least collectively, and possibly also
cyclically. When the rotorcraft has a tail rotor, that rotor may
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also be taken into account in the event of a flight control
signal leading to a variation in the pitch of its blades, in
particular collective variation, when calculating in anticipa-
tion the mechanical power that is going to be needed by the
rotorcraft.

In this context, there arises the problem of failure of one
of the main engines of a twin-engined rotorcraft, or of a
plurality of main engines of a rotorcraft that has more than
two main engines. Under such circumstances, only one of
the main engines of the rotorcraft might remain operational
in order, on its own, to supply all of the mechanical power
needed by the rotorcraft.

That is why specific power ratings have been defined for
regulating the operation of main engines, commonly known
as one engine inoperative (OEI) power ratings. OEI power
ratings are applied to regulate the operation of a main engine
supplying on its own the mechanical power needed by a
rotorcraft in flight in the event of at least one other main
engine of a multi-engined rotorcraft failing. OEI power
ratings are typically defined for specific stages of flight in
terms of a given mechanical power level that is to be
supplied for a given period by the main engine while
ensuring that it is not damaged beyond an acceptable dam-
age threshold.

Various OEI power ratings can potentially be applied by
the regulator unit, either automatically (by means of a
controller) or else at the request of the human pilot of the
rotorcraft in compliance with the flight manual. The follow-
ing OEI power ratings are commonly defined:

a very short duration OEI power rating in which the
operational main engine(s) may be used individually at an
emergency power rating for a duration that is brief, of the
order of 30 seconds;

a short duration OEI power rating in which the opera-
tional main engine(s) may be used individually at an emer-
gency power rating for a duration that is short, of the order
of 2 minutes to 3 minutes; and

a long duration OEI power rating, in which the opera-
tional main engine(s) may be used individually at a maxi-
mum power rating for a duration that is long, and potentially
unlimited.

The NR setpoint is defined by the control unit so as to
obtain a speed of rotation of the main rotor that is referred
to below as the speed NR.

The speed NR is traditionally predefined as being sub-
stantially constant, being allowed to vary, depending on the
flight attitude of the rotorcraft, over no more than a narrow
range of speed variation of the order of 5% of a nominal
speed NR, while nevertheless not exceeding variation of the
order of 1% per second. The impact of such narrow variation
on the speed NR is negligible on varying the mechanical
power to be supplied by the main engines of the rotorcraft
in order to drive the main rotor.

A failure of one of the main engines of a rotorcraft leads
to a sudden loss of mechanical power that can be supplied
by the power plant, and consequently leads to a drop in the
speed NR. Nevertheless, at the instant one of the main
engines of the rotorcraft fails, the current speed NR is
substantially equal to the current NR setpoint and is still
sufficient to enable the pilot to control the attitude of the
rotorcraft in conventional manner.

More particularly, and with reference to FIG. 1 of the
accompanying sheets, there can be seen a diagram showing
how essential events that occur when one of the main
engines of a twin-engined rotorcraft fails vary relative to
time ().



US 9,463,874 B2

3

In a first step shown E1, both of the main engines of the
rotorcraft are operational and, except in a situation of one of
the main engines failing, referred to as an engine-failure
situation PM, they act together to supply mechanical power
PU1 that serves to drive the main rotor at a nominal speed
NRnom that is substantially constant for a current given
pitch P1 of the blades of the main rotor. In such a context,
the speed NR at which the main rotor is driven can never-
theless vary, for a given current pitch P1 of the blades of the
main rotor over a range having a value of about 5%, and
conventionally extending from 97% to 102% of the nominal
speed NRnom.

In the event of an engine-failure situation PM in which
one of the main engines fails, the rotorcraft is suddenly
placed in a second step E2 before the pilot, who is suddenly
confronted with an engine-failure situation PM, has any time
to react. An OEI power rating for regulating the sole main
engine that is still in activity is immediately put into opera-
tion. The OEI power rating that is applied is conventionally
selected automatically from a set of OEI power ratings that
are applicable depending on the flight stage of the rotorcraft
as characterized by its flight mechanics and its travel con-
ditions such as its attitude, its progress altitude, and/or its
forward speed, for example, and the selected OEI power
rating is put into operation.

During this second step E2, a sudden drop in the available
mechanical power PU2 arises as a result of one of the main
engines failing, and the speed NR of the main rotor drops
given that the current pitch P1 of the blades of the main rotor
has remained unchanged in the absence of any reaction from
the pilot.

The main engine that continues to be operational is then
subjected to acceleration, which has the effect of increasing
the mechanical power PU3 it supplies in compliance with
the OEI power rating that has been selected and put into
operation by the regulator unit. Naturally, it should be
understood that the term “main engine that continues to be
operational” is used to mean the main engine of the rotor-
craft that is operating, as contrasted to the main engine that
has failed.

Then in a third step E3, the pilot reacts in order to vary the
current collective pitch P2 of the blades of the main rotor,
seeking to reduce the power required by the main rotor. Such
a variation in the collective pitch P2 serves progressively to
limit and then to stop as quickly as possible the drop in the
speed NR of the main rotor, before it reaches a critical
threshold speed, referred to below as the target speed NRobj,
having a constant value of the order of 97% of the nominal
speed NRnom.

In a fourth step E4, the main engine that continues to be
operational supplies mechanical power PU4 in compliance
with the OEI power rating that enables the main rotor to be
driven at the substantially constant nominal speed NRnom.

With the lift of the rotorcraft stabilized in spite of the
failure of one of the main engines, the pilot can make use of
all of the flight controls in order to place the rotorcraft in a
stabilized flight situation, enabling the overall behavior of
the rotorcraft to be stabilized, while conserving as well as
possible the drive speed NR of the main rotor constant at the
nominal speed NRnom. Such a stabilized flight situation is
commonly recognized as being achieved when the flight
parameters of the rotorcraft cease varying while the rotor-
craft is making stable progress.

In order to specify in greater detail the concept of stabi-
lized lift, a rotorcraft is commonly recognized as having lift
that is stabilized when the drop in the number of revolutions
per minute of the main rotor comes to an end, providing the
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rotorcraft is safe relative to withstanding the forces to which
its structure is being subjected, it naturally being understood
that said drop in the number of revolutions per minute takes
place independently of the behavior of the rotorcraft being
controlled by the pilot, whether a human pilot or an auto-
pilot, as in the event of detecting that one of the main
engines of the rotorcraft has failed in the context of the
present invention.

Such pilot interventions as shown in FIG. 1 are conven-
tionally performed in compliance with flight manuals in the
situation of the main rotor being driven at a speed NR that
is substantially constant and that is considered as being
invariable.

Depending on the equipment of the rotorcraft, it is pos-
sible that an autopilot is used to cause the nominal speed
NRnom of the main rotor to be reestablished rapidly in the
event of one of the main engines failing, by generating
automatic flight control signals for modifying the current
collective pitch P2 of the blades of the main rotor, as
illustrated by the third step E3 shown in FIG. 1.

Nevertheless, technical changes in the field of rotorcraft
are tending to encourage the main rotor being driven at a
controlled speed NR that is variable relative to the nominal
speed NRnom as predefined depending on the flight condi-
tions of the rotorcraft.

By way of example, such a significant variation in the
drive speed NR of the main rotor may be used in order to
reduce the sound nuisance of the rotorcraft and/or in order
to improve its performance during certain stages of flight.
By way of indication, the speed of the main rotor may be
controlled so as to variable over a range of 5% to 10% of the
nominal speed NRnom, and possibly over a larger range
depending on technical changes, and more particularly it
may be controlled to vary over a range of values potentially
lying from 93% to 107% of the nominal speed NRnom.

On this topic, reference may be made for example to the
publication “Enhanced energy maneuverability for attack
helicopters using continuous variable rotor speed control”
(C. G. Schaefer Ir., F. H. Lutze Ir.); 47 Forum American
Helicopter Society 1991; pp. 1293-1303. According to that
document, the performance of a helicopter in a combat
situation is improved by varying the drive speed of the main
rotor depending on variation in the air speed of the rotor-
craft.

Reference may also be made, for example, to the Docu-
ment U.S. Pat. No. 6,198,991 (Yamakawa, et al.), which
proposes reducing the sound nuisance generated by a rotor-
craft approaching a landing point by varying the speed of
rotation of the main rotor.

On this topic, reference may also be made, by way of
example, to the Document US 2007/118254 (G. W. Barnes,
et al.), which proposes varying the speed of rotation of the
main rotor of a rotorcraft between two values referred to as
“low” and “high”, under predefined threshold conditions for
the values of various parameters associated with the previ-
ously-identified flight conditions of the rotorcraft.

Document EP 2 724 939 describes a method of managing
an engine failure on a rotary wing aircraft having a hybrid
power plant with at least two fuel-burning engines. That
method enables the pilot to maneuver the aircraft with
engine power but without stressing the engine that remains
operational. An electronic control unit EECU is connected to
each engine, and electrical energy storage means power an
electric motor so that the main rotor is driven by the hybrid
power plant.

Document FR 2 900 385 describes a method of piloting a
rotorcraft that has a plurality of engines for driving at least
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one advance and lift rotor. In that method, so long as the
rotorcraft has not reached an optimum climb rate, a pitching
control signal is determined so that the rotorcraft accelerates
with a profile that varies during takeoff, firstly as a function
of elapsed time and secondly as a function of the operating
state of the engines.

Also by way of example, reference may be made on this
topic to Document WO 2010/143051 (Agusta SP A, et al.),
which proposes varying the speed of rotation of a main rotor
of a rotorcraft in compliance with a map previously estab-
lished for various flight conditions of the rotorcraft.

There then arises the problem of how to intervene on the
behavior of the rotorcraft in the event of one of the main
engines failing, given that the main rotor might then be
being driven at a speed NR that is low relative to the nominal
speed NRnom, and possibly as much as 7% less than the
nominal speed NRnom. Under such circumstances, it is
much more difficult for the pilot to reestablish drive of the
main rotor at a speed NR complying with the NR setpoint.

Consequently, it appears appropriate to provide the
human pilot of a twin-engined rotorcraft with automated
assistance for reestablishing drive of the main rotor in the
event of one of the main engines failing, in the context of it
being possible that the main rotor is being driven at a speed
NR that is low relative to the nominal speed NRnom at the
instant when said one of the main engines fails.

A technological environment of the invention as applied
to a single-engined rotorcraft is known, in which automated
assistance is provided for the human pilot of the rotorcraft in
order to place the main rotor in auto-rotation in the event of
the main engine failing.

Such assistance is provided by an automatic device that
generates flight control signals acting in the event of the
main engine failing to modity the attitude of the rotorcraft,
vertically, in pitching, in roll, and/or in yaw, in order to
counterbalance the unfavorable aerodynamic effects that
occur immediately after a failure of the main engine.

By way of example, reference may be made on this topic
to the following documents: FR 2 601 326 (United Tech-
nologies Corporation); FR 2 864 028 (Eurocopter SAS); and
US 2013/0221153 (Bell Helicopter Textron).

BRIEF SUMMARY OF THE INVENTION

In this context, the present invention provides a method of
regulating the speed of rotation, referred to as the speed NR,
of at least one main rotor of a multi-engined rotorcraft in the
event of a failure of one of the main engines, referred to as
an engine-failure situation, of a power plant of the rotorcraft.

Said power plant conventionally supplies the rotorcraft
with the mechanical power needed at least for driving
rotation of the main rotor.

The method of the present invention is applied in the
context, with the exception of an engine-failure situation, of
the power plant driving said at least one main rotor in
application of a speed setpoint, referred to as the NR
setpoint, having a value that is variable and that is calculated
by a control unit depending on the current flight conditions
of the rotorcraft.

In this context, the value of the NR setpoint may vary over
a range of values proportional to the value of a predefined
nominal speed for driving the main rotor, and by way of
indication over a range of values extending from 93% to
107% of the value of the nominal speed.

The present invention seeks more particularly to provide
such a method suitable for assisting a human pilot of the
rotorcraft in the event of an engine failure occurring when
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the drive speed of the main rotor might potentially be
significantly low relative to said nominal speed.

In the context of the present invention, the rotorcraft is
provided with at least one manual flight control member
that, on being moved by a human, generates manual flight
control signals leading to a variation in the pitch of the
blades of said at least one main rotor. The rotorcratft is also
provided with an autopilot generating automatic flight con-
trol signals leading to a variation in the pitch of the blades
of said at least one main rotor.

The rotorcraft is also provided with said control unit
providing said NR setpoint to a regulator unit for regulating
the individual operation of the main engines for driving the
main rotor at a speed NR in compliance with the NR
setpoint.

The regulator unit acts in an engine-failure situation to
apply a regulation power rating, known as an OEI power
rating, to the operation of at least one main engine that
continues to be operational. In conventional manner, said
applied OEI power rating is selected by the regulator unit
from a plurality of predefined OEI power ratings, depending
on an identified flight stage of the rotorcraft.

In this context, the method of the present invention is
mainly recognizable in that it comprises the operations set
out below:

in the event of an engine-failure situation being identified
by the regulator unit, the regulator unit applies said OEI
power rating and transmits “engine-failure” data to the
control unit relating to the engine-failure situation being
identified by the regulator unit; and

thereafter, on the control unit receiving said engine-failure
data, the control unit generates said NR setpoint with a value
that is not less than, and that is preferably equal to, the value
of said nominal speed.

In this context, the rotorcraft may be in a favorable flight
situation in which the value of the current NR setpoint is
greater than or equal to the value of the nominal drive speed
of the main rotor. In such a favorable flight situation, it is
considered that the control unit generating said NR setpoint
with a value that is not less than said nominal speed is
appropriate for rapidly obtaining stabilized progress of the
rotorcraft, at least in terms of rapidly obtaining stabilized lift
for the rotorcraft.

Nevertheless, in the context of the present invention, the
value of the current speed NR may be significantly less than
the value of the nominal speed, and in particular it may be
less than 97% of the nominal speed. In such an unfavorable
flight situation, the difficulty for the human pilot in obtaining
stabilized lift for the rotorcraft is increased compared with
said favorable flight situation. Since the human pilot is in a
difficult situation, it is proposed, once the control unit has
received said engine-failure data, to assist the human pilot in
controlling the flight attitude of the rotorcraft.

More particularly, in said unfavorable flight situation in
which the current speed NR is less than the value of the
nominal speed, a computer acts iteratively to calculate a
drive speed for the main rotor, referred to as the target speed.

The target speed is calculated iteratively as follows:

depending on the current flight situation of the rotorcraft,
by identifying firstly the available mechanical power that
can be supplied by the power plant in compliance with the
current OFEI power rating, and secondly the current lift
provided by the main rotor, in particular as determined in
compliance with the current flight control signals generated
by the pilot, which may equally well be a human pilot or the
autopilot; and then
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by identifying a maximum lift that can be provided by the
main rotor providing that stabilized lift of the rotorcraft has
been obtained, on the basis of a speed NR suitable for being
reached in as short as possible a length of time from the
current speed NR and going to the target speed, and naturally
under conditions of the rotorcraft progressing safely.

In such a context, said target speed is not predetermined,
being preferably calculated iteratively at a given rate, of the
order of 40 times per second, for example, and being
variable depending on the flight situation of the rotorcraft as
current during each of the sequences for calculating the
target speed.

Such an iterative calculation of the target speed is based
on sharing said available mechanical power between the
drive torque driving the main rotor and the drive speed NR
of the main rotor so that the lift obtained by the main rotor
is optimized as quickly as possible in order to minimize the
loss of ground height for the rotorcratft.

It should be observed that said computer is possibly
incorporated in any one of the computer means of the
rotorcraft, such as, in particular, by being incorporated in the
autopilot, or preferably in the regulator unit.

Thereafter, in the situation where the current speed NR is
less that the target speed, the autopilot generates automatic
flight control signals causing the pitch of the blades of the
main rotor to vary until the main rotor is driven at said target
speed.

Under such conditions in an engine-failure situation, a
drive speed of the main rotor that might be significantly
slower than the nominal speed is taken into account almost
instantaneously by the computer.

In the absence of any reaction from the pilot suddenly
confronted with an engine-failure situation, the regulator
unit begins by generating an NR setpoint having a value that
is not less than said nominal speed, and the computer acts
iteratively to calculate the target speed used by the autopilot
for generating automatic flight control signals for quickly
obtaining stabilized lift of the rotorcraft.

Stabilized lift of the rotorcraft is obtained without neces-
sarily driving the main rotor at a speed in compliance with
the nominal speed. The time required to achieve stabilization
of the lift of the rotorcraft starting from a drive speed of the
main rotor that might potentially be low is made shorter, by
the computer generating the target speed iteratively, with the
autopilot generating the flight control signals under the
dependency of that target speed so as to obtain said stabi-
lized lift as quickly as possible.

Finally, it can be seen that in spite of the main rotor being
driven at a speed that is potentially low, the human pilot is
assisted in an engine-failure situation, with the rotorcraft
being piloted before any reaction is humanly possible. The
piloting assistance that is provided serves to move the
rotorcraft towards favorable flight conditions by obtaining
stabilized lift for the rotorcraft under the control of the
computer.

After the lift of the rotorcraft has been stabilized, propos-
als are preferably made to generate flight control signals for
ensuring a stabilized flight situation for the rotorcraft. Such
a stabilized flight situation is conventionally applied by
generating flight control signals that cause at least the pitch
of the blades of the main rotor to vary, and possibly also,
where appropriate, that cause an anti-torque device to be
used, as conventionally formed by at least one auxiliary
rotor.

Nevertheless, after the period needed for stabilizing the
lift of the rotorcraft, the human pilot is potentially capable
of reacting. That is why it is selected to operate the flight
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control signals for obtaining the stabilized flight situation
either manually by the human pilot or automatically by the
autopilot that has been set to operate in at least one higher
mode of operation for providing the rotorcraft with guidance
relative to its various progress axes, such as typically at least
its pitching axis, its roll axis, and its yaw axis, and possibly
also vertically.

To this end, in an implementation of the invention and on
obtaining said stabilized lift for the rotorcraft, the autopilot
may potentially be set to operate in a mode of operation
whereby the autopilot calculates a stabilized flight situation
for the rotorcraft and generates automatic flight control
signals in compliance with said stabilized flight situation. As
mentioned below, the autopilot may potentially be set in
advance to operate in such a mode of operation identifying
said stabilized flight situation, or it may be set to operate in
that mode on request of the pilot.

Preferably, said stabilized flight situation is calculated by
the autopilot in compliance with the rotorcraft advancing at
medium speeds, by way of indication, a forward speed of the
rotorcraft lying in the range 45 knots (kt) to 100 kt. Spe-
cifically, it is chosen to identify said stabilized flight situa-
tion for a forward speed of the rotorcraft that is likely to
consume the lowest possible mechanical power.

In addition, the stabilized flight situation may be calcu-
lated by the autopilot taking account of at least one of the
rotorcraft flight parameters comprising: the current ground
height of the rotorcraft; the current air speed of the rotor-
craft; and the temperature of the ambient outside air sur-
rounding the rotorcraft.

In an advantageous implementation, said stabilized flight
situation of the rotorcraft is calculated on the basis of the
autopilot making use in particular of the current flight stage
of the rotorcraft to select a flight stage to be reached from
among a plurality of flight stages that have previously been
stored, for example in a database.

In non-exhaustive implementations of the method of the
invention, the autopilot calculates said stabilized flight situ-
ation at least as follows:

in a stage of flight of the rotorcraft close to the ground, by
way of example at a height less than about 30 feet (ft), the
autopilot calculates the stabilized flight situation in compli-
ance with the rotorcraft being guided using a procedure for
landing the rotorcraft; and

in a stage of automatic takeoff of the rotorcraft in which
the rotorcraft is guided by the autopilot in application of a
pre-established takeoff procedure, the stabilized flight situ-
ation is calculated by the computer in compliance with the
rotorcraft being guided with the takeoff procedure.

Preferably, the autopilot calculates said stabilized flight
situation in application of an NR setpoint having a value not
less than a speed threshold. Said value of said speed thresh-
old is, in particular, predefined depending on a minimum
acceptable speed of rotation of the main rotor for obtaining
safe flight of the rotorcraft, such as preferably a speed of the
order of 97% of the nominal speed.

Furthermore, the autopilot is potentially set to operate in
its mode for calculating said stabilized and armed flight
situation in the following alternative manners:

by a manual setting control signal issued by a human pilot
put into a situation of being able to react on the behavior of
the rotorcraft as a result of stabilized lift being obtained for
the rotorcraft;

by an automatic mode setting control signal generated as
a result of the regulator unit generating said engine-failure
data; and/or
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by the autopilot having its mode set before a potential
engine-failure situation, in order to obtain a good reaction
time span for the human pilot.

While the autopilot is set to operate in a calculation mode
for calculating said stabilized flight situation, the autopilot
can be taken out of that calculation mode by the human pilot
of the rotorcraft generating a manual control signal for that
purpose.

In another implementation and on said stabilized lift of
the rotorcraft being obtained, the human pilot of the rotor-
craft generates manual flight control signals for obtaining
stabilized flight guidance of the rotorcraft in application of
a pre-established emergency procedure to be found in the
flight manual.

Said emergency procedure is in compliance with stabi-
lized flight guidance of the rotorcraft placed under defined
unfavorable travel conditions involving the rotorcraft trav-
eling at high altitude, for example at a ground height greater
than 500 ft, with the ambient outside air surrounding the
rotorcraft at a high temperature, by way of indication at a
temperature of at least about 30° C., and with the main rotor
being driven at a low speed NR of rotation, in particular a
speed of less than 97% of the nominal speed.

Taking said emergency procedure into account makes it
possible to respond as well as possible to safe travel being
obtained for the rotorcraft regardless of the current travel
conditions of the rotorcraft. The emergency procedure is
advantageously a single defined procedure that is applicable
to all current flight conditions of the rotorcraft in an engine-
failure situation, so as to avoid making more complex the
work of the human pilot placed in an emergency situation as
a result of one of the main engines of the rotorcraft failing.

Furthermore, the application of an NR setpoint having a
value not less than said speed threshold is preferably per-
formed by limiting variation of the pitch of the blades of the
main rotor relative to a predefined pitch threshold for the
blades of the main rotor.

In an implementation, at least any one of the manual flight
control members for causing variation in the pitch of the
blades of the main rotor is advantageously provided with a
device for generating tactile signals. The tactile signal
generator device produces at least a first tactile signal in the
event of the flight mechanics of the rotorcraft detecting a
pitch for the blades of the main rotor that is equivalent to
said pitch threshold.

In an implementation, the device for generating tactile
signals potentially generates a second tactile signal in the
event of the flight mechanics of the rotorcraft identifying a
pitch for the blades of the main rotor that is greater than said
pitch threshold. Such provisions seek to inform the human
pilot that the mechanical power limits defined in the current
OFEI power rating applied by the regulator unit have been
exceeded.

By way of example, the tactile signal generator device is
a vibration generator device. Also by way of example, the
tactile signal generator device is a device that opposes a
resisting force against the human pilot moving the manual
flight control member.

Furthermore, the power plant preferably includes at least
one auxiliary power unit. Under such circumstances, and in
the event of the control unit identifying a deficit in power
consumption by the main rotor relative to quickly obtaining
stabilized lift of the rotorcraft, the regulator unit generates a
request for making use of said at least one auxiliary power
unit.

10

15

20

25

30

35

40

45

50

55

60

65

10

In various implementations, said at least one auxiliary
power unit may equally well be an electric motor and/or a
fuel-burning engine.

It should be recalled that said auxiliary power unit (APU)
is typically constituted by an auxiliary fuel-burning engine,
in particular a turboshaft engine, with its operation being
controlled by the regulator unit. Such an auxiliary power
unit is typically dimensioned to provide the mechanical
power needed for driving auxiliary members of the rotor-
craft (compressors, electrical machines, equipment for ser-
vices, by way of example) when the rotorcraft is on the
ground, while being unsuitable on its own for driving the
rotor(s) of the rotorcraft in flight, in particular in an engine-
failure situation.

Nevertheless, it may be appropriate to make use of the
auxiliary power unit in flight for contributing to driving the
main rotor by supplying top-up mechanical power during
certain specific stages of flight of the rotorcraft, which
top-up mechanical power is additional to the mechanical
power that is provided essentially by the main engines,
which are themselves dimensioned to be capable of driving
the rotor(s) of the rotorcraft in flight, and where necessary of
doing so individually, in the event of an engine failure.

In this context, it should be understood that the operation
of the auxiliary power unit is not subjected to the regulation
OEI power ratings in the event of one of the main engines
failing.

In a preferred implementation, the regulator unit gener-
ates a control signal for regulating the individual operation
of each of the main engines while taking account at least of
firstly the NR setpoint and secondly an anticipation for the
mechanical power to be supplied by the power unit as
typically identified by the flight mechanics of the rotorcraft
leading to at least one variation in the pitch of the blades at
least of the rotary wing of the main rotor.

It should also be understood that setting the autopilot to
operate in a secondary mode of operation is distinct and does
not impede potentially simultaneously setting the autopilot
to operate in at least one higher mode of operation for
providing automatic guidance for the rotorcraft relative to at
least any one of its progress axes.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

An implementation of the present invention is described
with reference to the figures of the accompanying sheets, in
which:

FIG. 1 is a diagrammatic chart showing how essential
events take place as a function of time (t) in the prior art in
the event of a failure of one of the main engines of a
twin-engined rotorcraft, as described above;

FIG. 2 is a diagrammatic chart showing how essential
events take place as a function of time (t) in an implemen-
tation of the invention in the event of a failure of one of the
main engines of a twin-engined rotorcraft; and

FIG. 3 is a diagram showing in detail the operations
performed when executing a method of the present invention
in a preferred implementation.

DETAILED DESCRIPTION OF THE
INVENTION

In FIG. 2, the main rotor of a twin-engined rotorcraft G is
driven, in the event of an engine failure, at a speed, refer-
enced NR, that is significantly lower than a predefined
nominal speed NRnom. The main rotor of the rotorcraft G is
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potentially driven at a speed NR that is variable under the
control of a control unit taking account of the flight condi-
tions of the rotorcraft, such as the physicochemical param-
eters of the ambient air surrounding the rotorcraft, its
forward speed, or its height above the ground, for example.

Such provisions seek to enhance the needs of the rotor-
craft G for performance, in particular while hovering, but
also in cruising flight, and/or for reducing the sound nui-
sance generated by the rotorcraft G during specific stages of
flight, such as, in particular, a stage of the rotorcraft
approaching a landing point.

As in the context shown in FIG. 1, in a first step E11, the
main engines of the rotorcraft G are both operational and,
except in an engine-failure situation PM, they act together to
deliver mechanical power PU11 serving to drive the main
rotor at a speed NR that is substantially constant at any given
instant for a given current pitch P1 of the blades of the main
rotor.

In the event of an engine-failure situation PM applying to
one of the main engines, the rotorcraft G is suddenly placed
in a second step E22 before the pilot, who is suddenly
confronted with the engine-failure situation PM, has any
time to react.

An OEI power rating for regulating the single operational
main engine remaining in activity is immediately put into
operation, and is conventionally applied by a regulator unit.
The OEI power rating that is applied is automatically
selected from a variety of OEI power ratings that are
applicable depending on the flight stage of the rotorcraft G,
and armed.

During this second step E22, a sudden drop in the
available mechanical power PU22 is caused as a result of
one of the main engines failing in an engine-failure situation
PM. Consequently, since the current pitch P11 of the blades
of the main rotor remains constant in the absence of any
reaction from the pilot, the speed of rotation NR of the main
rotor drops.

However, given that the main rotor is being driven at a
speed NR that is significantly lower than the nominal speed
NRnom, the human pilot is put into a situation that is
particularly difficult for managing to stabilize the progress of
the rotorcraft G.

The speed NR at which the main rotor is driven can
potentially come close to a minimum acceptable value
NRmin, and the length of time available for reestablishing
rotorcraft progress under safe flying conditions is potentially
very short.

In this context, proposals are made to assist the human
pilot in placing the rotorcraft under safe flying conditions in
the event of an engine failure.

More particularly, it is decided initially to stabilize the lift
of the rotorcraft as provided by the main rotor, and then
subsequently to control the operation of the flight mechanics
of the rotorcraft, whether by the human pilot or by the
autopilot of the rotorcraft, in compliance with applying a
stabilized flight situation to the rotorcraft serving to stabilize
the progress of the rotorcraft from the current flight situation
and relative to all of its progress axes.

In a favorable flight situation that is not shown, in which
the speed NR at which the main rotor is being driven is equal
to or greater than the nominal speed NRnom, the current
speed NR at which the main rotor is being driven is
maintained.

In this situation, the control unit continues to generate a
setpoint, referred to as the NR setpoint, and the pilot of the
rotorcraft can generate flight control signals serving to
increase the torque consumed by the main rotor in compli-
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ance with making maximum use of the available mechanical
power delivered by the main engine still in operation, and
also having the effect of reducing the speed NR.

Nevertheless, and as shown in FIG. 2, it is possible that
an unfavorable flight situation will be identified in which the
speed NR at which the main rotor is being driven is
significantly lower than the nominal speed NRnom at the
instant when the engine failure occurs.

Under such circumstances, and in a third step E33a, the
pitch P33a of the blades of the main rotor is rapidly modified
by an autopilot of the rotorcraft in response to a request
issued by the control unit for an NR setpoint having a value
that is equal to or greater than the nominal speed NRnom.
This first step makes it possible immediately to slow down
the drop in the number of revolutions of the main rotor.

Furthermore, a computer set in operation as soon as the
engine-failure event is detected calculates a speed referred to
as the target speed NRobj, for driving the main rotor in
compliance with making use of a given maximum mechani-
cal power delivered by the power plant in compliance with
the applied current OEI power rating. The target speed is
identified depending on the current flight situation of the
rotorcraft, by taking account of a combination of criteria
having respective values that are calculated iteratively by the
computer. Said criteria include the shortest possible duration
for obtaining a target speed NRobj for the main rotor
consuming torque that provides stabilized lift for the rotor-
craft.

Starting from the target speed NRobj calculated by the
computer, the autopilot set to operate in a specific mode of
operation calculates the collective pitch P335 of the blades
of the main rotor that is to be applied so as to obtain, as
quickly as possible, said stabilized lift of the rotorcraft, and
it generates automatic flight control signals that cause the
collective pitch of the blades of the main rotor to vary in
compliance with the pitch P33 calculated by the autopilot,
as shown in step E3364.

Under these conditions, during the initial step E22, and
subsequently E33a and E335, the mechanical power PU33
supplied by the engine that is operational increases progres-
sively until it reaches a mechanical power PU44 that is in
compliance with the OEI power rating.

At the end of the step E334 in which the lift of the
rotorcraft is stabilized, the speed NR at which the main rotor
is driven is maintained higher than the target speed NRobj
and the mechanical power PU44 is in compliance with
applying the current OEI power rating. At this stage, the
human pilot can potentially react and decide to issue manual
flight control signals seeking to put the rotorcraft into a
stabilized flight situation relative to all of its progress axes,
in particular the pitching axis, the roll axis, and the yaw axis,
and also vertically.

In this context that is not shown, the manual flight control
signals issued by the pilot are in compliance with applying
an emergency procedure typically found in the flight manual
and relating to the actions a human pilot must perform in
order to stabilize the progress of the rotorcraft in the event
of engine failure. The emergency procedure is advanta-
geously drawn up to cope with flight conditions that are
particularly unfavorable in the event of engine failure, such
as, typically, the rotorcraft flying at a height above the
ground of about 500 feet, at a high temperature for the
ambient outside air surrounding the rotorcraft of the order of
more than 30° C., and/or with the main rotor being driven at
a speed of rotation that is low, and in particular less than
97% of the nominal speed NRnom.
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Still at the end of step E33b, and as shown in FIG. 2,
during a following step E44, the autopilot is potentially set
to operate in a mode for calculating a stabilized flight
situation for the rotorcraft. Once the stabilized flight situa-
tion for the rotorcraft has been identified by the rotorcraft,
the NR setpoint generated by the control unit and the
automatic flight control signals generated by the autopilot
modify the pitch P44 of the blades, at least of the main rotor
and possibly also of an auxiliary anti-torque rotor, so as to
place the rotorcraft in flight conditions that correspond to the
stabilized flight situation identified by the autopilot.

FIG. 3 shows in detail the various operations of a pre-
ferred method of the present invention for procuring regu-
lation of the operation of a power plant of a twin-engined
rotorcraft in accordance with the provisions of the invention
as shown in FIG. 2 and as described above.

In FIG. 3, a twin-engined rotorcraft has a power plant 1
with two main engines 2 and 3 and at least one auxiliary
power unit 4. The power plant 1 is used to drive the members
of the rotorcraft that consume mechanical power, including
one or more rotors 5, 6. The rotors of the rotorcraft comprise
in particular at least one main rotor 5 providing the rotorcraft
at least with lift, and at least one auxiliary rotor 6 providing
at least stabilization and yaw guidance for the rotorcraft.

In this context, and in conventional manner, each of the
main engines 2 and 3 is dimensioned so as to be capable of
driving the rotor(s) 5, 6 of the rotorcraft in the event of one
of the main engines 2, 3 failing.

In contrast, the auxiliary power unit 4 delivers too little
power for it to be capable on its own of driving the rotor(s)
5, 6 of the rotorcraft. Such an auxiliary power unit may
possibly be constituted by an electric motor and/or a fuel-
burning engine forming an auxiliary power unit commonly
abbreviated APU.

The operation of the power plant 1 is controlled by a
regulator unit 7 in compliance with a speed setpoint referred
to as the NR setpoint 19, as generated by a control unit 8 and
relating to a drive speed required by the main rotor 5. As
mentioned above, the speed NR at which the main rotor 5 is
to be driven may depart significantly from a nominal speed
NRnom in compliance with applying the NR setpoint 19 as
generated by the control unit 8.

Furthermore, a modification to the attitude of the rotor-
craft can be undertaken by a pilot generating flight control
signals for modifying the pitch of the rotary wing blades 9
of the rotor(s) 5, 6. For this purpose, said blades 9 are
operated by linkages to pivot about respective pitch varia-
tion axes A.

Conventionally, the blades 9 of the main rotor 5 are
moved collectively about their pitch variation axes A in
order to modify the altitude of the rotorcraft and/or cycli-
cally in order to modify the attitude of the rotorcraft in
pitching and in roll. The blades of the auxiliary rotor 6 are
conventionally operable collectively about their pitch varia-
tion axes in order to stabilize the rotorcraft and guide it in
yaw.

The pilot of the rotorcraft may be an autopilot 10 gener-
ating automatic flight control signals, or it may be a human
pilot 11 generating manual flight control signals CM1, CM2
by moving manual flight control members 12, 13, 14.

Typically, the manual flight control members comprise a
pitch lever 12 enabling the human pilot 11 to modify the
pitch of the blades 9 of the main rotor 5 collectively, a cyclic
stick 13 enabling the human pilot 11 to modity the pitch of
the blades 9 of the main rotor 5 cyclically, and pedals 14
enabling the human pilot 11 to modify the pitch of the blades
of the auxiliary rotor 6 collectively.
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The flight attitude of the rotorcraft may also be modified
by means of the flight mechanics of the rotorcraft being
actuated under the effect of flight control signals generated
equally well by the human pilot 11 or by the autopilot 10.

The rotorcraft is also conventionally fitted with on-board
instrumentation 15 providing various kinds of information
about the flight conditions of the rotorcraft, such as for
example: its altitude Al and/or ground height Hs; the tem-
perature T of the ambient outside air surrounding the rotor-
craft; the forward speed TAS of the rotorcraft; and/or the
positioning of the flight mechanics MV.

In this context, in the event of a failure of one of the main
engines 2, 3, the regulator unit 7 controls the operation of the
still operational main engine 2, 3 in compliance with apply-
ing an OEI power rating. Depending on the conditions
and/or the stages of flight of the rotorcraft, the OEI power
rating that is applied by the regulator unit 7 is selected from
among a plurality of predefined OEI power ratings, such as
conventionally a very short duration OEI power rating, a
short duration OEI power rating, and a long duration OEI
power rating.

In the event of an engine failure, the regulator unit 7
transmits engine-failure data 16 about the engine-failure
situation to the control unit 8. Depending on various flight
situations, a computer 17 takes action to modify the behavior
of the rotorcraft.

In a favorable situation 18 in which the main rotor 5 is
being driven at a speed NR of rotation that is equal to or
greater than the nominal speed NRnom, the NR setpoint 19'
generated by the control unit 8 is at least equal to and
possibly greater than the nominal speed NRnom. Operations
for varying the pitch of the blades 9 of the rotor(s) 5, 6 can
then be undertaken to stabilize the flight attitude of the
rotorcraft, and this can be done in particular by the human
pilot 11, as shown in FIG. 1, or else possibly by the autopilot
9.

Nevertheless, in an unfavorable situation 20 in which the
main rotor 5 is being driven at a speed of rotation that is
significantly lower than the nominal speed NRnom, the
control unit 8 generates an NR setpoint 19 having a value
that is less than the value of the nominal speed NRnom.
Thereafter, the computer 17 is operated initially to stabilize
as quickly as possible the lift provided by the main rotor 5.

To this end, the computer 17 acts iteratively to calculate
said target speed NRobj mentioned in the description of FIG.
2. The target speed NRobj is calculated iteratively given the
current flight situation of the rotorcraft in order to identify
the conditions for obtaining stabilized lift for the rotorcraft
in as short as possible a length of time.

The target speed NRobj is calculated iteratively on the
basis of identifying a combination between a compatible
torque 21 consumed by the main rotor and the shortest
possible length of time 22 defined depending on the rate of
increase obtained in the drive speed of the main rotor 5 from
its current drive speed to said target speed NRobj, the target
speed as calculated iteratively being less than the nominal
speed NRnom and greater than the current speed NR at
which the main rotor 5 is being driven.

When the current speed at which the main rotor 5 is being
driven is less than the target speed NRobj, the autopilot 10
generates automatic flight control signals CA1 causing the
pitch of the blades 9 of the main rotor 5 to vary so as to
obtain the stabilized lift conditions 23 for the rotorcraft as
identified by the computer 17. Furthermore, providing the
autopilot 10 is set to operate in a specific mode of operation,
it acts to determine a stabilized flight situation 24 for the
rotorcraft along its various progress axes.
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The autopilot 10 may be set beforehand to operate in the
mode for calculating the stabilized flight situation 24 as a
precaution for a possible engine failure, or indeed it may be
set automatically to operate in this mode as a result of the
regulator unit 7 transmitting the engine-failure data 16 to the
autopilot 10. The autopilot 10 may also be set to operate in
this mode by the human pilot 11 issuing a manual control
signal 25 for setting the autopilot 10 by means of a control
button 26 that is dedicated to this purpose.

Thereafter, the autopilot 10 generates automatic flight
control signals CA2 for modifying the pitch of the blades 9
of the rotor(s) 5, 6 in order to guide the rotorcraft in
compliance with the previously determined stabilized flight
situation 24.

The human pilot 11 may also act at any time via the
control button 26 to generate a manual control signal 27 for
overriding the autopilot 10 to enable the human pilot 11 to
act in manual guidance mode on the behavior of the rotor-
craft for the purpose of stabilizing the attitude of the
rotorcraft relative to its various progress axes. Under such
circumstances, the human pilot 11 applies an emergency
procedure 28 included in the flight manual 29 of the rotor-
craft.

More specifically, it is proposed that the autopilot 10
determines the stabilized flight situation 24 of the rotorcraft
on the basis of various kinds of information 30 transmitted
by the on-board instrumentation 15. The autopilot 10 acts in
particular to determine that the rotorcraft is in a stabilized
flight situation 24 by taking account of various parameters
such as the current air speed TAS of the rotorcraft, the
ground height Hs of the rotorcraft, and/or the temperature T
of the ambient outside air surrounding the rotorcraft.

A database 32 listing various respective stages of flight 31
of the rotorcraft can be used in order to determine which
stabilized flight situation 24 is to be applied depending on
the current flight stage of the rotorcraft, such as for example
the rotorcraft being in a stage of flight close to the ground
and/or in an automatic takeoff or landing stage.

In an implementation of automatic mode for rotorcraft
guidance, the autopilot 10 determines the automatic flight
control signals CA1, CA2 to be used for obtaining said
stabilized flight situation of the rotorcraft, in application of
an NR setpoint 19 having a value that is not less than a
predefined speed threshold S.

The value of the first speed threshold S is in particular
predefined to be greater than 97% of the nominal speed
NRnom, in order to maintain drive of the main rotor at a
speed NR that ensures safe progress of the rotorcraft. An NR
setpoint 19 generated by the control unit 8 and having a
value not less than said speed threshold S is applied in
particular by limiting any variation of the pitch of the blades
9 of the main rotor 5 relative to a predefined pitch threshold
SP.

Furthermore, at least the pitch lever 12 and possibly also
the cyclic stick 13 is/are fitted with at least one device 33 for
generating tactile signals 34, 35, such as a vibrator or a
member delivering an opposing force against a movement of
the pitch lever 12 and/or of the cyclic stick 13.

The device 33 for generating tactile signals may be
activated by the autopilot 10 in order to alert the human pilot
11 that a request is being made for mechanical power to be
supplied by the power plant 1 that is potentially excessive.

For this purpose, when the pitch of the blades 9 of the
main rotor 5 is equivalent to said pitch threshold SP, the
autopilot generates a first request 37 to activate the tactile
signal generator device 33 so as to produce a first tactile
signal 34. Thereafter, and where appropriate, if the pitch of
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the blades 9 of the main rotor 5 is greater than said pitch
threshold SP, the autopilot 10 then generates a second
request 38 to activate the tactile signal generator device 33
s0 as to produce a second tactile signal 35.

Furthermore, the auxiliary power unit 4 is advantageously
used to contribute to driving rotation of the rotor(s) 5, 6 of
the rotorcraft.

The regulator unit 7 is suitable for identifying a deficit in
the mechanical power that the power plant 1 needs to deliver
in order to act quickly to stabilize the rotorcraft at least in lift
as a result of the flight control signals CM1, CM2; CA1,
CA2 as issued either by the human pilot 11 or by the
autopilot 10, in particular in the event of an engine failure.
If such a power deficit is identified, the regulator unit 7
advantageously generates a request 36 to use the auxiliary
power plant 4 to supply top-up mechanical power for
contributing to driving the rotor(s) 5, 6 of the rotorcraft.

What is claimed is:

1. A method of regulating the speed of rotation, referred
to as the speed NR, of at least one main rotor of a multi-
engined rotorcraft in the event of a failure of one of a
plurality of main engines, referred to as an engine-failure
situation, of a power plant of the rotorcraft that supplies
mechanical power needed at least for driving rotation of the
main rotor, the rotorcraft being provided further

with at least one manual flight control member that, on

being moved by a human, generates manual flight
control signals leading to a variation in the pitch of the
blades of the at least one main rotor,

an autopilot to generate automatic flight control signals

(CA1, CA2) leading to a variation in the pitch of the

blades of the at least one main rotor, a regulator unit, a

control unit, and a computer, the method comprising:

during a non-engine-failure situation in which none of the

main engines are failed,

calculating by the control unit a speed setpoint, referred
to as the NR setpoint, having a value that is variable
and that is calculated by the control unit depending
on the current flight conditions of the rotorcraft in a
range of NR setpoint values proportional to the value
of a predefined nominal speed (NRnom) for driving
the main rotor;

supplying the NR setpoint from the control unit to the
regulator unit for regulating the individual operation
of the main engines for driving the main rotor at a
speed NR in compliance with the NR setpoint; and

driving the main rotor by the power plant in application
of the NR setpoint;

while the regulator unit detecting an engine-failure situ-

ation in which one of the main engines is failed

following the non-engine-failure situation,

selecting by the regulator unit a regulation power
rating, known as the OEI power rating, from among
a plurality of predefined OEI power ratings and
depending on an identified flight stage of the rotor-
craft;

applying by the regulator unit the selected OEI power
rating to the operation of each main engine that
remains operational;

transmitting from the regulator unit “engine-failure”
data to the control unit relating to the engine-failure
situation being identified by the regulator unit; and
then

on the control unit receiving the engine-failure data,
generating by the control unit the NR setpoint at a
value that is not less than the value of the nominal
speed (NRnom); and
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in the event of there being a flight situation that is

unfavorable, in which the value of the current speed

NR is less than the value of the nominal speed

(NRnom), calculating iteratively by the computer a

drive speed for the main rotor referred to as the target

speed (NRobj), as follows:

depending on the current flight situation of the
rotorcraft, by identifying firstly the available
mechanical power that can be supplied by the
power plant in compliance with the current OEI
power rating, and secondly the current lift pro-
vided by the main rotor; and then

by identifying a maximum lift that can be provided
by the main rotor providing that stabilized lift of
the rotorcraft is obtained, on the basis of a speed
NR suitable for being reached in as short as
possible a length of time from the current speed
NR and going to the target speed (NRobj); and
then

in the event of the current speed NR value being less

than the target speed (NRobj), generating by the

autopilot automatic flight control signals (CA1) to

cause the pitch of the blades of the main rotor to vary

until drive of the main rotor at the target speed

(NRobj) is obtained.

2. The method according to claim 1, wherein on obtaining
the stabilized lift of the rotorcraft, the autopilot calculates a
stabilized flight situation of the rotorcraft and generates
automatic flight control signals (CA2) in compliance with
the stabilized flight situation.

3. The method according to claim 2, wherein the stabi-
lized flight situation is calculated in compliance with the
rotorcraft advancing at medium speeds.

4. The method according to claim 2, wherein the stabi-
lized flight situation (24) is calculated by taking account of
at least one of the rotorcraft flight parameters comprising:

the current ground height (Hs) of the rotorcraft;

the current air speed (TAS) of the rotorcraft; and

the temperature (T) of the ambient outside air surrounding

the rotorcraft.

5. The method according to claim 2, wherein the stabi-
lized flight situation of the rotorcraft is calculated on the
basis of the autopilot using the current flight stage of the
rotorcraft to select a flight stage to be reached from among
a previously stored plurality of flight stages.

6. The method according to claim 5, wherein the stabi-
lized flight situation of the rotorcraft is calculated at least as
follows:

in a stage of flight of the rotorcraft close to the ground, the

autopilot calculates the stabilized flight situation in
compliance with the rotorcraft being guided using a
procedure for landing the rotorcraft; and

in a stage of automatic takeoff of the rotorcraft in which

the rotorcraft is guided by the autopilot in application
of a pre-established takeoff procedure, the stabilized
flight situation is calculated by the autopilot in com-
pliance with the rotorcraft being guided with the takeoff
procedure.

7. The method according to claim 2, wherein the stabi-
lized flight situation of the rotorcraft is calculated by the
autopilot in application of an NR setpoint having a value not
less than a speed threshold (S) of value that is predefined
depending on a minimum acceptable speed of rotation of the
main rotor for obtaining safe flight of the rotorcraft.

8. The method according to claim 2, wherein the autopilot
is set to operate in a calculation mode for calculating the
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stabilized flight situation by a manual setting control signal
issued by a human pilot of the rotorcraft.

9. The method according to claim 1, wherein the autopilot
is set to operate in a calculation mode for calculating the
stabilized flight situation by an automatic setting control
signal generated as a result of the regulator unit generating
the engine-failure data.

10. The method according to claim 2, wherein the auto-
pilot is set to operate in a mode for calculating the stabilized
flight situation by the autopilot being put into a pre-set state
prior to any engine-failure situation.

11. The method according to claim 8, wherein while the
autopilot is set to operate in a calculation mode for calcu-
lating the stabilized flight situation, the autopilot can be
taken out of that calculation mode by the human pilot of the
rotorcraft generating a manual control signal for that pur-
pose.

12. The method according to claim 1, wherein on the
stabilized lift of the rotorcraft being obtained, a human pilot
of the rotorcraft generates manual flight control signals for
obtaining stabilized flight guidance of the rotorcraft in
application of a pre-established emergency procedure to be
found in the flight manual.

13. The method according to claim 12, wherein the
emergency procedure is appropriate for guiding the rotor-
craft flying at altitude (Al), at a high temperature (T) for the
ambient air surrounding the rotorcraft, and with the main
rotor being driven at a low speed NR of rotation.

14. The method according to claim 7, wherein the appli-
cation of an NR setpoint having a value not less than the
speed threshold (S) is performed by limiting variation of the
pitch of the blades of the main rotor relative to a predefined
pitch threshold (SP) for the blades of the main rotor.

15. The method according to claim 14, wherein at least
any one of the manual flight control members for causing
variation in the pitch of the blades of the main rotor is
provided with a device for generating tactile signals pro-
ducing at least a first tactile signal in the event of the flight
mechanics of the rotorcraft detecting a pitch for the blades
of the main rotor that is equivalent to the pitch threshold
(SP).

16. The method according to claim 15, wherein the device
for generating tactile signals generates a second tactile
signal in the event of the flight mechanics of the rotorcraft
identifying a pitch for the blades of the main rotor that is
greater than the pitch threshold (SP).

17. The method according to claim 1, wherein the power
plant includes at least one auxiliary power unit, and in the
event of the control unit identifying a deficit in power
consumption by the main rotor relative to quickly obtaining
stabilized lift of the rotorcraft, the regulator unit generates a
request for making use of the at least one auxiliary power
unit.

18. The method according to claim 17, wherein the at least
one auxiliary power unit may equally well be an electric
motor and/or a fuel-burning engine.

19. The method according to claim 1, wherein the regu-
lator unit generates a control signal for regulating the
individual operation of each of the main engines while
taking account at least of firstly the NR setpoint and sec-
ondly an anticipation for the mechanical power to be sup-
plied by the power unit as identified by the flight mechanics
of the rotorcraft leading to at least one variation in the pitch
of the blades of the at least one main rotor.
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20. A rotorcraft comprising:
a main rotor;
apower plant having a plurality of main engines to supply
mechanical power for driving the main rotor;
a manual flight control member to, on being moved by a
human, generate manual flight control signals leading
to a variation in the pitch of the blades of the main
rotor;
an autopilot to generate automatic flight control signals
(CA1, CA2) leading to a variation in the pitch of the
blades of the main rotor;
a regulator unit;
a control unit; and
a computer;
wherein during a non-engine-failure situation in which
none of the main engines are failed,
the control unit is configured to calculate a speed
setpoint, referred to as the NR setpoint, having a
value that is variable and that is calculated by the
control unit depending on the current flight condi-
tions of the rotorcraft in a range of NR setpoint
values proportional to the value of a predefined
nominal speed (NRnom) for driving the main rotor;

the control unit is further configured to supply the NR
setpoint to the regulator unit for regulating the indi-
vidual operation of the main engines for driving the
main rotor at a speed NR in compliance with the NR
setpoint; and

the power plant is configured to drive the main rotor in
application of the NR setpoint;

wherein while an engine-failure situation in which one of
the main engines is failed following the non-engine-
failure situation,
the regulator unit is configured to select a regulation

power rating, known as the OEI power rating, from
among a plurality of predefined OEI power ratings
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and depending on an identified flight stage of the
rotorcraft, apply the selected OEI power rating to the
operation of each main engine that remains opera-
tional, and transmit “engine-failure” data to the con-
trol unit relating to the engine-failure situation being
detected; and
the control unit is further configured to, on receipt of
the engine-failure data, generate the NR setpoint at a
value that is not less than the value of the nominal
speed (NRnom); and
the computer is configured to, in the event of there
being a flight situation that is unfavorable, in which
the value of the current speed NR is less than the
value of the nominal speed (NRnom), calculate
iteratively a drive speed for the main rotor referred to
as the target speed (NRobj), as follows:
depending on the current flight situation of the
rotorcraft, by identifying firstly the available
mechanical power that can be supplied by the
power plant in compliance with the current OEI
power rating, and secondly the current lift pro-
vided by the main rotor; and then
by identifying a maximum lift that can be provided
by the main rotor providing that stabilized lift of
the rotorcraft is obtained, on the basis of a speed
NR suitable for being reached in as short as
possible a length of time from the current speed
NR and going to the target speed (NRobj); and
the autopilot is configured to, in the event of the current
speed NR value being less than the target speed
(NRobj), generate automatic flight control signals
(CA1) to cause the pitch of the blades of the main
rotor to vary until drive of the main rotor at the target
speed (NRobj) is obtained.
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